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ABSTRACT 

Terminal heat  s t e r i l i z a t i o n  i s  required for a l l  unmanned 

planetary en t ry  vehicles,  

high program r i s k s  from (1) 

exposure, (2 )  heat sens i t ive  items, and ( 3 )  %he poten t ia l  

schedule e f f e c t s  causing i n a b i l i t y  t o  launch duffin@; t h e  limited 

opportunity, T h i s  report  analyzes a l t e rna t ives  t o  remedy t h i s  

condition i n  the  general categories  of :  (1) Added resources with 

the  present constraints ;  (2)  Vibdified recycle requirements; 

This environmental treatment introduces 

hardware failures detected after the  

( 3 )  

and (4)  Approaches t o  eliminate the t e r m i n a l  heat s t e r i l i z a t i o n  

requirement, O f  the  a l t e rna te s  investigated,  t h e  Model Assembly 

S t e r i l i z e r  (MAST) in combination with s t e r i l e  i n se r t ion  portends 

s igni f icant  reduction i n  program r i s k .  

t h e  merits of a non-insulated packaging concept a r e  ident i f ied ;  

a planetary quarantine study and requirements for Venus cited and 

the need f o r  a NASA approved surface s t e r i l a n t  i s  established. 

Alternates t o  reduce the e f f e c t  on launch s i t e  operations; 

A s  concurrent f a l lou t ,  



PREFACE 

This report  i s  the  first of a series of s t e r i l i z a t i o n  mono- 

gra2hs devoted t o  the  development of new ideas. 

w i l l  consider improvements and new concepts on such related steri- 

l i z a t i o n  a c t i v i t i e s  as b io logica l  assays, s ter i le  inser t ion ,  plane- 

Future repor t s  

t a r y  quarantine, techniques f o r  terminal heat  s t e r i l i za t ion ,  surface 

s t e r i l a n t s ,  s t e r i l i z a t i o n / r e l i a b i l i t y / c o s t / s c h e d ~ ~  relat ionships  

etc,  Conclusions and recommendations from these s tud ies  are 

intended t o  provide a basel ine f o r  b r t i n - M w i e t t a  management 

and technical  decisions on TOS/RA funding and pr ior i ty ,  i n t e r -  

planetary mission design and system approaches and suggestion for 

technical ly  valuable NASA funded R & D contractsr  

Comments on t h i s  repor t  are so l i c i t ed  as well as suggestions 

f o r  areas warranting de ta i led  evaluation. 

Arnold A. Rothstein 
Manager 
S t e r i l i z a t i o n  Assurance 
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I IFFRODUCTJON 

By In te rna t iona l  Agreement, unmanned in te rp lane tary  probes 

landing on planets  of the  s o l a r  system w i l l  be s t e r i l i z e d  t o  avoid 

contamination of the planet.  

NASA has establ ished c r i t e r i a  f o r  s t e r i l i z a t i o n ,  

requirements e n t a i l  terminal heat  s te r i l i za t iosa  under b io logica l  

k i l l  conditions equivalent t o  125OC f o r  24,5 hours. 

of b io logica l  contarcination on surfaces, treatment with 12$ 

ethylene oxide i n  a d i luent  of 88% Freon-12 un e r  30-50$ RH i s  

s p c i f i e d ,  After terminal s t e r i l i z a t i o n ,  openbg  of t he  s t e r i l i -  

zation can i s t e r  t o  e f f e c t  r epa i r s  requires  r e p e t i t i o n  of the 

t e r m i n a l  heat  s t e r i l i z a t i o n  cycle,  Under the present qua l i f ica-  

I n  conformance t o  t h i s  agreement, 

The present NASA 

For reduction 

t i o n  conditions, one recycle after terminal  hea-t s t e r i l i z a t i o n  i s  

permissible e 

From the  standpoint of' s t e r i l i z e d  in te rp lane tary  mfssions, 

such as Voyager, b r s  probe, Venus probe, etc,, these present 

requirements introduce high risk i n  t he  program. These risks can 

be summarized as follows: 

1. Fai lure  After Terminal S t e r i l i z a t i o n :  Data from prevSlous 

missions ind ica tes  high f a i l u r e  occurrence a t  %he launch s i t e  with 

nan-s te r i l i zed  missions T h i s  condition w i l l  be fu r the r  com- 

pounded by t h e  terminal heat s t e r i l i z a t i o n  as exemplified by the  

f a i l u r e s  i n  t he  e a r l y  Ranger s e r i e s ,  Although an extensive NASA 

industry program has been underway t o  e s t ab l i sh  s t e r i l i z a b l e  
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hardware, it would be unduly opt imist ic  t o  assme t h a t  no failures 

w i l l  occur i n  the terminal s t e r i l i z a t i o n ,  system checkout, handling 

and mating. After remedying such failures, the  f l i g h t  a r t i c l e  must 

be recycled through terminal hea t  s ter i l izat icm,  system test ,  e t c  e 

This repe t i t i ve  cycle introduces another opporr&;unity f o r  f a i lu re (  6) 

Under present constraints,  such f a i lu re (  s )  canaot be corrected 

without' rendering the  hardware unacceptable for  the mission, i .e ., 
only one cycle is permissible, 

2. Heat Sensit ive Items: A t  t he  present time a number of 

hardware items are mot compatible with the  terminal heat steri-  

l i z a t i o n  conditions. 

etc. Xn addition, the  general  area of scientiZ3.c payloads have 

questionable compatibil i ty,  

using dry heat t o  s te r i l i ze  life detection experiments containing 

These include batteries, tape recorders, 

This area  includes the  problem of 

media i n  water. 

3 .  h u n c h  Period Constraints: Interplanetary missions 

have a l imited launch period. 

delays measured i n  years, 

i n a b i l i t y  t o  launch would have far reaching po l i t i ca l  ramifica- 

t ions.  

of f l i g h t  a r t i c l e s  caused by f a i l u r e  a f t e r  recycle introduces a 

high r i s k  of i n a b i l i t y  t o  launch i n  the prescrllbed time period. 

I n a b i l i t y  t o  lamch w i l l  r e s u l t  i n  

In addi t ion t o  the  k c h n i c a l  aspects, 

Time fo r  recycle coupled with t h e  potent ia l  unavai lab i l i ty  

In view of the ser ious nature of the  present  constraints ,  

t h i s  study has been conducted t o  invest igate  aILternatives which 



could poten t ia l ly  a l l e v i a t e  these risks, These a l t e rna t ives  have 

been considered in a log ica l  vein using the  fallowing groupings: 

1. Present Reqyirements Apply; Expanded Program Scope: 

'Rxi.6 a l t e rna t ive  i s  based on l i v ing  with t h e  present conditions 

but  adding t o  the  program t o  reiiuce the r i sk ,  Under t h i s  classi- 

f ica t ion ,  two catdgories a re  considered i n  t h i s  study comprising: 

a )  Increase t h e  number of s t e r i l i z&ion  cycles during 

qua l i f ica t ion  t o  provide more recycle capabi l i ty  a t  

the  Cape; and 

b) Increase t h e  number of spacecraft  spares t o  improve 

the  probabi l i ty  of obtaining s t e r i l i z e d  funct ional  

un i t s ,  

2, Present Requiremeots Apply with Modified Recycle Require- 

ments: !This a l t e rna t ive  accepts t he  i n i t i a l  terminal hea t  s t e r i -  

l i za t ion ,  but invest igates  a l t e rna te s  t o  r epe t i t i on  of t he  f u l l  

terminal heat  s t e r i l i z a t i o n  a f t e r  repair, Three approaches a re  

evaluated: 

a )  h e r  heat  s t e r i l i z a t i o n  requirements; 

b ) Ethylene oxide treatment; 

c )  S t e r i l e  replacement techniques e 
* 

* This area warrants more de ta i led  ana lys i s  than provided i n  
t h i s  report .  
study e 

This depth w i l l  be provided i n  a separate 

W R J E r r A  c=10, 
D E N V E R  D I V I S I O N  



3 .  Reduce Severi ty  of Terminal Heat S t e r i H z a t i o n  a t  the  

. * Launch S i t e :  This a l t e rna t ive  approaches t h e  problem from the  

standpoint of lowering the  probabi l i ty  of failwe under terminal 

- .  . _  

heat  s t e r i l i z a t i o n ,  Three aspects are considered: 

a) 

b) 

Conduct terminal heat s t e r i l i z a t i o n  a t  the  factory; 

Use the  b io logica l  k i l l  cha rac t e r i s t i c s  of t h e  

terminal heat  s t e r i l i z a t i o n  treatment t o  reduce 

the  t o t a l  exposure time; and 

Use s te r i le  insulated assemblies to  minimize failure 

occurrence of hardware ins ide  the assembly. 

e )  

4, Eliminate Terminal Heat S te r i l i za t ion :  This a l t e rna t ive  

considers solut ion of t h e  problems by the  radicaJl approach of 

eliminating terminal heat  s t e r i l i z a t i o n ,  Biree aspects  are evalu- 

a ted comprising: 

a) S t e r i l e  assembly; 

b ) S t e r i l e  non-insulated b io logica l ly  secure assemblies 

with gaseous s t e r i l i z a t i o n ;  and 

Partial s t e r i l i z a t i o n  using probabi l i ty  theory t o  

conform t o  the  bas ic  in te rna t iona l  agreement of 

probabi l i ty  r i s k  1 x 10-3. 

c ) 

D E N V E R  D I V I S I O N  



I1 IBESEEJT REQU-S APPLY; WmED PROGRAM SCOPE 

A. 

Concept: Under present NASA policy, qual i f fcat ion a t  the  

par t ,  material and assembly l e v e l  requires  exposure t o  s ix  s ter i -  

l i z a t i o n  and decontamination cycles,  A t  t h e  subsystem and system 

level ,  Type Approval t e s t i n g  present ly  defines three cycles as 

the  reqairement, 

predicated on allowing f o r  s t e r i l i z a t i o n  or decontamination a t  the  

par ts ,  material and assembly l eve l s  during t h e  fabr ica t ion  processes. 

In  the  fac tory  through launch sequence f o r  f l i g h t  articles, 

The difference i n  exposure i s  apparently 

one heat s t e r i l i z a t i o n  exposure (equivalent t o  terminal heat  steri- 

l i z a t i o n )  i s  applied as par t  of the f l i g h t  acceptance tes t ing .  

Since Type Approval employs three cycles, exceeang t h i s  number 

on the  f l i g h t  ar t ic le  would be presumed detrimenkal t o  the  hard- 

ware and therefore,  unacceptable. OB t h i s  basis, up t o  two 

addi t iona l  cycles cm be used af ter  f l i g h t  acceptance exposure. 

One cycle i s  used i n  t h e  terminal heat  s t e r i l i za t ion ;  t h e  other  

i s  therefore  avai lable  for  recycle. 

If we allow f o r  one heat exposure of the  parts, materials or  

assemblies (i.e., w e d  e i t h e r  on rece ip t  or during processing), 

t h e  par ts ,  materials, and assemblies have a latea& capabi l i ty  

f o r  f i v e  addi t iona l  treatments, 

system can be exposed up t o  f i v e  cycles provided ve r i f i ca t ion  f o r  

in te rac t ion  e f f e c t s  i s  accomplished as part of Type Approval tes t ing .  

On t h i s  basis, %he subsystem/ 
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Par ts  and Assemblies 

Subsystem and System 
i 

I n  turn,  t h i s  increase would permit two addi t iona l  recycles a t  the  

-c -- 

S t e r i l i z a t i o n  Cycles 
How Alternate - 

6 6 

3 5 
--..I- - 

Cape and help t o  a l l e v i a t e  the failure r i s k  problem. This approach 

is shown concisely i n  Figure II A-1 below. 

Figure I1 A - 1  Increase Qualification Requirements 

Discussion and Analysis: From a program standpoint, t h i s  

approach would e n t a i l  increased cost  t o  conduct the added sub- 

system/system Type Approval t e s t ing .  

an t ic ipa ted  i n  t h e  Type Approval t e s t i n g  f o r  terminal heat  s t e r i -  

l i z a t i o n  as t h i s  t e s t ing  i s  unl ikely t o  overlap o ther  requirements 

for t h e  f a c i l i t y .  

however, t o  allow f o r  t h e  addi t iona l  cycles. 

No schedule impact i s  

Schedule impact Will occur a t  the launch 6ite, 

Under a Martin in-house study, t he  parametric re la t ionships  

This graphic plo t  i d e n t i f i e s  shown i n  Figure I1 A-2 were derived. 

t he  r i s k  (expressed as probabi l i ty  of having a f l2ght  capsule 

avai lable  f o r  launch) va any estimated probabi l i ty  of surviving 

without failure the  terminal heat  s t e r i l i z a t i o n  znd subsequent 

operations through launch. Tbe individual curves r e f l e c t  the  

decrease i n  r i s k  with increasing recycle c a p b i l f $ y  assuming 

ABfpb'%??TA CO 
D E N V E R  D I V I S I O N  





equal probabi l i ty  of f a i l u r e  fo r  each cycle. (i.es, no r e l i a b i l i t y  

degradation effect ). This ana lys i s  reveals  t he  following improve- 

ment with increased recycle  capab i l i t y  for assumed survival  proba- 

b i l i t i es  of * L  and -6 ,  

h n i t i a l  Cycle 

1st Recycle (Present Con- .81 .16 

27 -93 *73 007 

.66 .03 

4th Recycle (Rew Constraint)  .&! 099 .58 .oi 
-~ _. 

Prior experience with launches of other  missions a t  the Cape 

has shown 8, r epe t i t i ve  need Tor fallme replacement during system 

checkout. These data imply a low probabi l i ty  sf no failures i n  

t h e  period from completion of terminal s t e r i l i z a t i o n  through launch, 

Om t h i s  basis the ,l summary above may be conafdered as representa- 

t i v e  of the  poten t ia l  improvement by added cycles.  

Alternatively,  one can assume a higher v d u e ,  such as .6, as 

an outgrowth of the  extensive R & 

materials, components, processes, etc coupled w i t h  t he  develop- 

mental, type approval and. f l i g h t  acceptance teski.ng under program 

aegis.  With t h i s  as~umption program r i s k s  are reduced t o  1% pro- 

vided launch s i t e  schedules permit t h i s  number of recycles. 

program an s t e r i l i z a b l e  par ts ,  
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Use of these addi t iona l  recycle c a p a b i l i t k s ,  however, can 

create other  problems: (1) The addi t iona l  exposures during Type 

Approval t e s t i n g  may result i n  failures t h a t  %auld not be experi- 

enced under the  present th ree  cycle requiremen%. 

could cause s t r e t ch  out  of the  Type Approval t e s t i n g  t o  t h e  point 

of a f fec t ing  the  f l i g h t  articles. If successfal ,  however, the  

added cycles afford higher r e l i a b i l i t y .  (2) Additional cycles 

a t  the Cape w i l l  enhance slow r e l i a b i l i t y  degmdation processes 

a f fec t ing  miss%on r e l i a b i l i t y  after a protrac%ed period of time. 

Such failures 

Summarx: This increased cycle capab i l i t y  approach will 

p a r t i a l l y  a l l e v i a t e  t he  failures after terminal  s t e r i l i z a t i o n  

problem provided: (1) surv iva l  probabi l i ty  can he increased t o  

.6 or higher, and (2)  

four (4) recycles 

a )  

b )  

bunch  s i t e  operations w i l l  allow f o r  up t o  

Pr incipal  weaknesses are : 

Bo solut ion f o r  heat  sens i t ive  items; 

Ro posi t ive a6surance against  failure t o  launch based 

on today's low probabi l i ty  of survival estimates; 

Launch s i te  schedule w i l l  be major cons t ra in t  on i t s  c )  

use 

BO 

Concept: As indicated previously present pol icy r e s t r i c t s  

terminal hea t  s t e r i l i z a t i o n  of the  f l i g h t  articles t o  t h e  i n i t i a l  

s t e r i l i z a t i o n  and one recycle. On t h i s  basis a u n i t  cannot be 

M A R E E B T W  G O W P  
D E N V E R  0 : V I S I O N  
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used f o r  t he  mission i f  two successive failures are encountered, 

Additional system spares, therefore,  warrants conasideratton as a 

means of assuring a f l i g h t  art icle f o r  launch. 

Discussion and Analysis: Additional spares  offers an advantage 

over higher r epe t i t i ve  cycles by contr ibut ing less r e l i a b i l i t y  

This gain i s  obtained by paying the high cos t  of . degradation. 

addi t iona l  system  pares, 

cessing capabi l i ty  a t  t h e  launch s i te  and the f ac to ry  against  

spec i f i c  program schedules, 

Use of added spares  %s l imited by pro- 

A Martin &rietta study3 establ ished two s res for the  pro- 

Figwe I1 B-l  shows a parametric p lo t  of jected Voyager program, 

t h e  spares aspect f o r  a Voyager configuration of two f l i g h t  

capsules, 

approach i n  Section TI-A show equivalent improvwent for two 

spares t o  t h a t  obtained f o r  6-cycle capabi l f ty .  

also be used in a reverse context. 

desired program r i s k  l e v e l  such as .99. Spares requirements can 

be obtained from the curves for  a given survivaX probabili ty;  or 

conversely, fo r  an zssigned spares leve l ,  the  development and 

t e s t  prograIlis can be s ized t o  provide the  r e q u i s i t e  survival  

probabi l i ty .  

Comparison of these p robab i l i t i e s  wEth the  recycle  

3% 
These curves can 

Thus, MASA aan es tab l i sh  a 

* J o i n t  use of these approaches would y i e l d  very low program 
risk--unfortunat,ely, not p rac t i ca l  because 08 excessive launch 
s i te  schedule requirements, 





Summarx: Increased system spares has only l%mited merit 

because : 

1) 

2)  

No solut ion for  heat sens i t ive  items; 

No posi t ive assurance against  failure to launch based 

on today 's  l o w  probabi l i ty  of su rv iva l  estimates; 

Very cos t ly  a p p r a c h  i f  more than 2-3 spares are required; 3 )  

4)  b u n c h  s i te  schedule w i l l  be major cons t ra in t  on i t s  use. 

D E N V E R  D I V I S I O N  



111 PRESERT POLXCY WITB MODIFIED RECYCI-33 REQlJBEMWTS 

A. Recycle with hwered Terminal Heat S t e r i l i za t ion  Requirements 

Concept: The terminal heat  s t e r i l i z a t i o n  cycle is predicated 

on reduction of a t o t a l  cumulative spore count on the  spacecraft  

of lo5. This maximum b i o t a  l e v e l  of 10 5 spores just pr io r  t o  t h e  

i n i t i a l  terminal heat  s t e r i l i z a t i o n  appl ies  to t he  accumulated con- 

tamination f o r  t h e  t o t a l  assembly and t e s t  acceptance. On a compa- 

rable basis ,  a much lower spore c o w t  can be expected after r epa i r  

of' a s t e r i l i z e d  spacecraft .  Two conditions contribute t o  the 

lower count : 

1) 

2) 

Replacement w i l l  be conducted i n  a Class 100 clean room; 

The time fo r  repair i n  which the canis te r  i s  s t i l l  open 

should be of t h e  order of 1-2 days. 

In tu rn ,  t h e  lower contamination l e v e l  warrants evaluating the  

merits of reducing the  recycle heat s t e r i l i z a t i o n  to match the  

lower t o t a l  spore count. 

: If w e  assume that the repa i r  cycle 

y ie lds  a contamination l eve l  with a magnitude of 103, t he  terminal 

hea t  cycle can be decreased by 2-D values from the  o r ig ina l  treat- 

ment for 10 5 spores, Figure IIU-1 shows t h e  re la t ionship  between 

organisms k i l l e d  and time of exposure a t  l25OC.  

reduction of two orders of magnitude i n  the repa i r  contamination 

level ,  seven less hours of s t e r i l i z a t i o n  a t  l 2 5 O C  w i l l  be required. 

Considering t h e  t o t a l  terminal s t e r i l i z a t i o n  period including 

With t h e  estimated 
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heat  up and cool down t i m e ,  t h i s  gain i s  r e l a t i v e l y  small. 

From a r e l i a b i l i t y  standpoint, t he  major degradation e f f e c t s  

on t h e  hardware occur during the  heat up period t o  the  s t e r i l i z a -  

t i o n  temperature. 

i n i t i a l  degradation Reduced t h e  of exposure, therefore,  does 

not mater ia l ly  affect the  probabi l i ty  of detectable  failures 

Continuation at t h i s  temperature adds t o  t h i s  

requiring replacement although it should y i e l d  improved mission 

re l iabi li t y . 

Time f o r  Terminal  Heat S t e r i l i z a t i o n  a t  E 5 O C  
(Hours) 

Figure IIIA-1 - Spore KLlL vs Time a% 125OC 

Summarx: 

marginal value. 

l e m  nor does it bas ica l ly  a l l e v i a t e  the  failure cycle problem. 

This modification of present requirements has only 

It provides no solution t o  t h e  heat  labile prob- 



111-3 

B. Recycle w i t h  Ethylene Oxide 

Concept: After the terminal s t e r i l i z a t i o n  cycle, i n t e r n a l  

hardware is sterile. When the  can i s t e r  i s  opened t o  effect replace- 

ment, contamination w i l l  occur only on the  surface of t h e  hardware. 

If care  i s  taken t o  prevent contamination of ma%ing surfaces during 

the  replacement operation, only surface contamhation need be 

k i l l e d .  Since ethylene oxide i s  used f o r  surface treatment i t s  

appl icat ion i n  the  recycle phase warrants consideration. 

Analysis and Discussion: Biological data show occasional "skips" 

with ETO. Accordingly, NASA has c l e s s i f i e d  ET0 as a decontaminant- 

not a s t e r i l a n t ,  By NASA defini t ion,  a decontaminant reduces bio- 

logical contamination but does not y i e ld  s t e r i l i k y .  

w i t h  a 

Since s t e r i l i t y  

probabi l i ty  is  t h e  I?ASA requirement f o r  the  post 

terminal s t e r i l i z a t i o n  condition, ET0 treatment cannot be used t o  

meet t h i s  constraint .  

Summary: 

"decontaminant". 

s tud ies  evolve a "surface s t e r i l a n t "  acceptable $0 HASA.* 

This apprmch has merit bu t  cannot be used with a 

This concept warrants fu r the r  study if  R & D 

* Martin Marietta was the  successful contender bo a recent  JPL 

Work under the  ensuing cont rac t  may provide 
Request for  Proposal t o  invest igate  the  optimm conditions f o r  
ethylene oxide. 
data t o  permit r ec l a s s i f i ca t ion  of a modified ET0 treatment 88 
a surface steri lant.  



C. Recycle Using S t e r i l e  Repair/Sterile k s e r t 5 o n  Concept 

Concept: The primary problem source i n  t h e  present require- 

ments i s  t h e  r epe t i t i ve  terminal heat  s t e r i l i z a t i o n  constraints .  

If a,n asept ic  repair / inser t ion technique were ava i lab le  , no 

r epe t i t i ve  operations would be needed, Replacement of f a i l e d  

. items or  inser t ion  of heat sens i t ive  items coreltd then be accom- 

plished after terminal s t e r i l i z a t i o n ,  

Two basic approaches warrant evaluation. The first, termed 

"Assembly S te r i l i ze r " ,  i s  based on conducting %hese repair / inser t ion 

operations i n  a la rge  s ter i le  chamber, The second general  

concept i s  commonly ca l led  "s ter i le  inser t ionn ,  This approach i s  

based on accompli &ing asept ic  r e p ~ c e m e n t s / i n e r ~ i o n s  through 

access ports  i n  the  f l i g h t  capsule. 

A coro l la ry  face t  of these concepts i s  the a v a i l a b i l i t y  of 

s ter i le  hardware f o r  repair / inser t ion This aspect  must a l s o  be 

considered i n  evaluating each a l t e rna t ive ,  

Discussion and Analysis: 

1) Assembly S t e r i l i z e r  Concept: Pa artisii;'~ conception of 

t h e  assembly s te r i l i zer  is  shown i n  Figure I16 C-le Based on 

i n i t i a l  exploratory work by General Electric , NASA bangley has 

recent ly  issued an R F P  won by Avco for a f u l l  s ca l e  design phase 

4 

t o  be followed by fabricat ion of an experimental f a c i l i t y .  

f a c i l i t y  termed MAST f o r  Model Assembly S t e r i l i z e r  w i l l  be mobile 

The 

so t h a t  it can be transported t o  the  launch s i t e  i f  t e s t s  a t  
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Figure 1x1 C-1 - Assembly S t e r i l i z e r  

RI&-TT.. dl5L$P)wk.&P 
U E N V E R  D I V I S I O N  
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Langley ve r i fy  i t s  s u i t a b i l i t y  for operat ional  me. The concept 

as envisioned i n  i t s  t o t a l i t y  by J. Zanks of h n g l e y  i s  an excellent 

one. N n a l  assembly through system t e s t  w i l l  be accompllshed i n  

a non-ster i le  bu t  b io logica l ly  control led environment inside the  

MAST f a c i l i t y ,  The completed system-checked assembly i n  an open 

bio-canis ter  condition w i l l  then be terminal  hea t  s t e r i l i zed  by 

the  MAST f a c i l i t y .  

and the  i n t e r i o r  of the MAST. 

This operation w i l l  s ter i l ize  both the  vehicle 

S t e r i l e  en t ry  of operators  i n  s u i t s  * 

w i l l  be accomplished followed by system check. This arrangement 

provides f o r  a much more de ta i led  system checkout than i s  obtainable 

through the  umbilical i n  t h e  conventional approach. Replacement 

of fafled hardware and inser t ion  of heat  l a b i l e  items can be 

accomplished i n  t h i s  operation followed by asepGic seal ing of 

t he  s t e r i l i z a t i o n  canis ter .  The encapsulated spacecraf t  w i l l  then 

be removed f o r  subsequent mating operations, ete.. 

If failure occurs downstream, the  spacecraft w i l l  be returned 

t o  the  MAST f a c i l i t y .  The failed vehicle w i l l  e n t e r  a s te r i le  MhST 

chamber through a lock a f t e r  a s t e r i l i z i n g  treatment t o  cleanse 

the  contaminated ex terna l  surface. Jc3c 

* Original concept as shown i n  Figure 1x1 C-1 used tunnel s u i t s .  
Langley sponsored development of a separate su i t  permits grea te r  
operator freedom and f l e x i b i l i t y  of operation, 

3E-# The "return sequence" cons t i tu tes  a p o t e n t i a l  bott leneck i n  ac tua l  
pract ice  because of assembly of other  (spare)  u n i t s  i n  the  MAST 
f a c i l i t y ,  fiom a cost  standpoint, it i s  not desirable t o  bui ld  
two o r  three MAST f a c i l i t i e s  (whether joined or separate)  t o  elimi- 
nate t h i s  bottleneck. Other a l t e rna t ives  do mot solve the  problem. 
(Examples: Assemble a l l  spares a t e r i l y  t o  reduce time delay of 
making HAST s te r i le  f o r  the repair  operation; eliminate a l l  spares, 
etc.) A s  shown l a t e r ,  s t e r i l e  inser t ion  o f f e r s  quick time response 
but suf fe rs  from lack  of t o t a l  access ib i l i t y ,  These diverse 
approaches complement each other  and, i n  cambination, of fe r  a 
sound solut ion t o  a l l  problems. 

~A~~~~ MARfEBBA CZ3oWPO 
D E N V E R  D I V I S I O N  



Using t h e  man-in-suit operations the can i s t e r  and heat  sh i e ld  w i l l  

be removed, t he  failed pa r t  replaced, system t e s t  repeated and 

reassembly made i n t o  t h e  sealed can i s t e r  cond2'kion. 

of the terminal cycle i s  needed because the  operations will be per- 

formed under asept ic  conditions. 

No r epe t i t i on  

2 )  S t e r i l e  Inser t ion Concept: S t e r i l e  imsertion i s  in an 

earlier s tage of development than the  assemblg s t e r i l i z e r .  The 

concept i s  shorn i n  Figure 111 C-2. The s t e rg l i za t ion  can i s t e r  

contains an access port  covered by a p l a s t i c  l3I.m barrier@. 

After terminal s t e r i l i z a t i o n  the  ins ide  of t h e  canis te r  and the  

film are s ter i le  and the ex terna l  surfaces are contaminated from 

t h e  launch site environment. Inser t ion i s  acaomplished with a 

service bag which i n  i t s  simplest form.is a glove bag. The service 

bag is  in t e rna l ly  steri le and contains t h e  neeessary steri le 

hardware, a replacement barrier, and required tools for inser t ion.  

As shown in@, the  bag is heat  sealed t o  the  spacecraf t  barrfer. 

External surface c o n t h i n a t i o n  on the  barrier ;and service bag is  

enclosed within a lens  shaped p l a s t i c  pouch. A cut  around the  

pouch along t h e  center  l i n e  of the  heat  sealedt seam permits removal 

of the  pouch and provides access t o  the  interscor of the  s p c e c r a f t  3 . 0 
S t e r i l e  r epa i r s  and i n s t a l l a t i o n s  can then be accomplished. The 

replacement barrier is then i n s t a l l e d  across tbe opening and hea t  

sealed i n  place@. 

cu t t ing  along the  center  l i n e  of t he  second setam@. 

Removal of the  service bag i s  accomplished by 
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Under contract  t o  NASA Headquarters5, lh-lxin h r i e t t a  has 

evolved a number of p rac t i ca l  design concepts using t h i s  heat  

seal ing concept. A s  shown i n  Figure 111 C-3 and I11 C-4, the  

hea t  seal ing t o o l  and cu t t ing  t o o l  are self propelled, This 

featwe minimizes the introduction of operator e r r o r  i n  t h e  seal ing 

and  cu t t ing  operations. Figure I11 C-5 shows t h e  corresponding 

port  opening design. 

covers encasing the  p l a s t i c  b a r r i e r  assures high r e l i a b i l i t y  

against  v io la t ion  of b io logica l  securi ty ,  

Redundancy i n  the  exterior and i n t e r i o r  

Invest igat ions by RASA Goddard and the  f i r t i in  h r i e t t a  Corp. 

under a Marshall Space Flight Center contract6 

t h e  b io logica l  cha rac t e r i s t i c s  and acceptab i l i ty  of the heat 

seal ing and cu t t ing  operations. 

are establ ishing 

From the  foregoing description, the  advantages and disadvantages 

of MAST and steri le inser t ion  are iden t i f i ed  i n  Figure 1x1 C-6. 

m e  pr inc ipa l  weakness of MAST i s  t h e  time required fo r  the  recycle 

step; This is t he  primary s t rength of steri le inser t ion.  Con- 

versely, lack of t o t a l  access ib i l i t y  i s  t h e  predominant s te r i le  

inser t ion  weakness but  an obvious s t rength of 1.IAST. In combination, 

t o t a l  solut ion i s  achieved. 

3)  S t e r i l e  Components Aspect: MAST and s t e r i l e  inser t ion  

require  the  a v a i l a b i l i t y  of s t e r i l e  spares and s te r i le  heat  sensi-  

t i v e  hardware. Since the  need t o  survive terminal heat sterili- 

zation i s  eliminated with these techniques, the method of 

~ ~ ~ ~ f f ~  
D E N V E R  D I V I S I O N  
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s t e r i l i z i n g  heat  l ab i le  items can be se lec ted  t o  a8sure both 

s t e r i l i t y  and failure free operation. 

A major problem, however, exists i n  packaging of the spares 

and inser t ion  hardware. Special  packaging w i l l  be required t o  

guard against  b io logica l  contamination during t ransportat ion and 

handling. O f  more import, however, are the requirements fo r  a l l  

f lyable  hardware t o  meet the  Fl ight  Acceptance environments. 

packaging concepts w i l l  be needed which permit reasonable duplica- 

t i o n  of t he  f l i g h t  environment under packaged conditions without 

violat ion of the  b io logica l  secusi ty  of the  hardware during the  

t e s t i n g  sequencee I n  addition, methods must be evolved t o  detect  

New 

I 

breaches of b io logica l  securi ty ,  

McDonne11 b q l a s 7  i s  invest igat ing s te r i le  assembly with 

a challenge system t o  de tec t  breaches of b io logica l  security. Under 

Iangley contract' 

t o  solve the  packaging problem f o r  s te r i le  assembled ba t t e r i e s .  

lvbrtin Marietta i s  developing design concepts 

Summary: These approaches have high merit %o solve the t o t a l  

P r io r  t o  t h e i r  use, problem posed by terminal heat  s t e r i l i z a t i o n .  

however, four major problems must be solved; 

a> Prove t h a t  the  technique meets t he  NASA contamination 

requirements; 

Develop a l t e rna te  s t e r i l i z a t i o n  technlques o r  s ter i le  

assembly procedures f o r  each heat  seraaitive i t e m ;  

b ) 
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c )  Design and demonstrate spec ia l  packagbg f o r  flight 

acceptance t e s t i n g  and fo r  shipment CS sterile hardware; 

d) Evolve contamination detection techniqyes. ’ 



N REDUCE IWACT OF TEFWXHAL HEAT STERLLIZATIQI'l AT IXJNCH SITE 

A. Conduct Terminal Beat S t e r i l i z a t i o n  a t  the  Eactory 

Concept: A major r i s k  in the  present apprwch lies i n  the  

schedule impact of terminal s t e r i l i z a t i o n  on the r e l a t i v e l y  short  

t i m e  f o r  pre-launch operations a t  the  launch s2te. This a l t e rna te  

considers t he  poss ib i l i t y  of reducing t h i s  &fee% by conducting 

the  terminal heat  s t e r i l i z a t i o n  a t  the  factory,  

Discussion and Analysis: A t  first glance %his alternate 

appears t o  have a great  dea l  of merit, It was, therefore,  included 

i n  a n  evaluation conducted by the  Martin Flarie%ta Corporation i n  

support of the Voyager p r ~ g r a m . ~  

of cogent f ac to r s  precluding t h i s  a l t e rna t ive ,  

included: 

This study XdenLified a number 

Key considerations 

a )  Fai lures  i n  su3sequent operations a t  the  launch s i te  

would require either return t o  the  fwto ry  o r  accomplish- 

ment of terminal heat  s t e r i l i z a t i o n  013 a recycle bas i s  

a t  the  hunch  si te.  

l o g i s t i c s  problems as w e l l  as lost t h e  against  t he  

t i g h t  schedule. Recycling a t  the  Cage cons t i tu tes  a 

return t o  the  same basic  problems tha t  t h i s  approach is  

Return t o  t h e  f m t o r y  introduces 

attempting t o  avoid. 

Under the present constraints ,  propeUants are added b )  

Jus t  p r io r  t o  the terminal sterf1fza"tlon operation because 

no inser t ions  are permitted aftexwnik. n e s e  constraints  
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imply propellant loading a t  the  factory and shipment i n  

a fueled condition. 

s a fe ty  consideration and would require spec ia l  I C C  

approval. 

terminal s t e r i l i z a t i o n  were acceptable, t h i s  objection 

would disappear. 

Such shipments const i tute  a major 

If s ter i le  inser t ion  of pmpel lants  after 

Y 

Suanary: This a l t e rna t ive  does not appear t o  have merft 

because : 

a )  

b )  

No gain i n  schedule time i s  r e a l l y  obtained. 

It does not  answer the  heat  sens i t ive  hardware problem 

but  compounds it by requiring steri le in se r t ion  of pro- 

pel lants ,  and 

Special  packaging w i l l  be required during t ransportat ion 

t o  guard against  contamination enrou&e. 

c )  

B. 

Concept: The l ikel ihood of failure i s  related t o  the  con- 

d i t i ons  of terminal heat  s t e r i l i z a t i o n .  If these conditions can 

be reduced the  f a i l u r e  probabi l i ty  w i l l  be reduced correspondingly, 

Two a l t e rna t ives  meet these conditions. These are: 

a)  A d j u s t  t he  temperature/time exposure t o  the estimated 

* This wr i te r  bel ieves  t h a t  steri le i n E r t i o n  of propellants 
warrants study. 
weight savings i n  the vehicle,  Concurrently it would eliminate 
a poten t ia l ly  ser ious explosive hazard during the  terminal 
s t e r i l i z a t i o n  operation. Reference10 has  shown t h a t  propellants 
do not support b a c t e r i a l  l i f e  and therefore  fos t e r s  t he  poten t ia l  
merits of t h i s  technique. 

Its a v a i l a b i l i t y  would yield appreciable 
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spore count p r i o r  t o  terminal  s t e r i l b a t i o n ,  and 

b ) .  U s e  t he  integrated b i o  k i l l  effect imluding  t h e  exposures 

above 105OC during heat  up and cool dawn. 

Discussion and Analysis: 

Adjustment of the temperature/time e x p o s m  t o  the  estimated 

spore count i s  an extension of the recycle with lowered terminal 

hea-t s t e r i l i z a t i o n  considered i n  Section 111 A, The only difference 

is t he  Inclusion of t h e  i n i t i a l  cycle i n  t h i s  approach. 
' J  

Without 

repeating the  arguments, t he  same conclusion--only marginal value-- 

is reached. 

"he second a l t e rna t ive  has been recent ly  adopted by NASA. A 

spec i f ic  measure of the  decrease i n  time/temperature during the  

terminal s t e r i l i z a t i o n  cannot be made because: 

1) B values have not been establ ished for temperatures 

o ther  than 12r0$l, and 

Experimental data i s  not available on t h e  influence of 2) 

spec i f i c  configurations and heating arrangements on the  

heat  up and cool down periods. 

Analytical s tud ies  with s implif ied models show appreciably 

shor te r  dwell periods at  125OC. Although the  t i m e  i s  decreased, 

t he  temperatures are e s s e n t i a l l y  the same. Accordingly, the 

argument of Section I11 A is  s t i l l  per t inent .  

Summmx: Only marginal improvements are obtained wi th  these 

a l te rna t ives ;  t h e  basic  problem of recycling e f f e c t s  and heat 

l ab i l e  items i s  not solved. 



IV-4  

C. Use S t e r i l e  Insulated Assemblies 

"he basic problems from terminal heat  s t e r i l i z a t i o n  stem from 

t h e  effect of t he  high temperature on the  hardware. 

temperature exposures of these assemblies could be avoided i n  

the terminal s t e r i l i z a t i o n  phase, the  failure effect could be 

reduced o r  eliminated. 

could me t  these conditions i f  t h e  i n t e r n a l  assemblies were 

s t e r i l e .  This s t e r i l i t y  could be accomplished by seal ing the  

packages a t  the  end of the  Fl ight  Acceptance s t e r i l i z a t i o n  t e s t .  

If high 

Insulated b io logica l ly  secure packages 

Discussion and Analysis: Martin Marietta invest igated t h i s  

Thermal analyses were conducted protect ive container concept. 

f o r  assumed conditions of t e r m i n a l  s t e r i l i z a t i a n  a t  257OF (125OC 1 
f o r  24 hours with a cr i ter ia  t h a t  i n t e rna l  temperatures do not 

exceed 140°F ( 6 0 O c ) .  n e s e  analyses concluded: 

"I) It is  not f eas ib l e  t o  design a container of t he  desired 

type using conventional so l id  insulat ions,  i.e., insula- 

t i o w  t h a t  do not require  a high vacuum. 

Based on apparent the rma l  conductivity data avai lable ,  

it t h a t  super-insulation can provide a su f f i c i en t ly  

l o w  heat  t r ans fe r  rate t h a t  the desired container can be 

"2 1 

b u i l t ;  however, determination of unsteady state heat  

t r a n s f e r  r a t e s  with t h i s  type of insu&ation is  not 

amenable t o  ordinary ana ly t i ca l  techniques so t h a t  such 

determinations a re  approximations a t  best. I n  addition 

D E N V E R  D I \ l S I O N  
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fabricat ion of t he  container t o  eliminate heat "shorts", 

which would obviate the  insu la t ing  e f f ec t  of t he  super 

insu la t ion  i tself ,  presents d i f f i c u l t i e s  tha t  appear t o  

be insurmountable, "he f i n a l  answer can be obtained 

only by build.ing and t e s t i n g  such a containere 

Designing a container which u t i l i z e s  the heat-sink capa- 

b i l i t i e s  of a melting o r  bo i l ing  material, with or without 

a layer  of s i l i cone  foam insulation, appears feasible ,"  

"3) 

From a program standpoint, t h i s  approach introduces a small 

d e l t a  during the assembly operations and t h e  FA heat s t e r i l i z a t i o n  

(seal ing of box. 1 Concurrently, benef i t s  are derived from reduction 

of the  qua l i f ica t ion  requirements because t h e  hardware w i l l  experi- 

- ence only one heat  exposure and poten t ia l ly  no ethylene oxide 

exposure. Mission r e l i a b i l i t y  w i l l  also be improved f o r  the  Game 

reason e 

Even i f  proven f eas ib l e  from a thermal standpoint, %his  con- 

cept  has two major disadvantages. These are: (1) A major weight 

penalty is added t o  accomplish the  thermal insulat ion.  ( 2 )  The 

insulat ion will r e t a i n  i n t e r n a l  heat as well  as keeping external  

heat from af fec t ing  the equipment. 

heat f o r  operating hardware i n  the  package. To overcome t h i s  

The l a t t e r  will cause high 

failure condition, addi t iona l  design complexity w i l l  be required 

t o  open o r  cool the insulated package using e i t h e r  mechanical o r  
- .  

- ordnance equipment. This added compl-exity may overbalance the 
- 
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improved r e l i a b i l i t y  from the  protected condition during terminal 

heat  s t e r i l i z a t i o n ,  

Summary: Although the  concept appears promising, i t s  broad 

implementation f o r  every hardware assembly would result i n  an 

untenable weight penalty coupled wi th  added design complexity. 

If experimental work proves the  approach is  feas ib le ,  appl icat ion 

t o  a l j m i t e d  number of problem hardware assemblies could be 

valuable 
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V ElJXINATE m W i L  EDXT STERILIZATION 

A. S t e r i l e  Assembly 

Concept: Terminal heat s t e r i l i z a t i o n  could be eliminated i f  

the complete spacecraft  were assembled s t e r i l y .  

really two categories:  

This concept has 

a)  Maintain asept ic  conditions from inception of lowest 

assembly; and 

b) I n s t i t u t e  asept ic  conditions during and a f t e r  the 

Fl ight  Acceptance hea t  s t e r i l i z a t i o n .  

Discussion: !The technology f o r  s t e r i l e  assembly i s  reasonably 

well known from similar controlled operations i n  CW/BW warfare, 

pharmaceutical and chemical processing and gnotobiology. 

of breaches i n  b io logica l  secur i ty  can also be solved through 

appl icat ion of t h e  challenge sys-kem under development by k h n n e l l -  

Douglas Aircraf t  under contract  t o  the  k r s h a l l  Space Fl ight  

Center. Although the technology i s  avai lable ,  t h i s  concept has 

many major disadvantages which would preclude i t s  use f o r  other 

than spec ia l  heat sens i t ive  items. I n  general, these disadvantages 

are : 

Detection 

1) Cost and time impact created by t h e  nature of the  

i so l a to r  operation. 

Major changes to, and l imi ta t ions  on, normal spacecraft  

assembly operations. 

2 )  
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3)  For category (a) (from incept ion)  no heat exposure i s  

used and in t e rna l  b io t a  contamination remains. This 

condition would be unacceptable under present require- 

ment s * 

Conclusion: S ta te  of the art  does permit appl icat ion of t h i s  

concept but it constitutes a too  cos t ly  and t h e  consuming solut ion 

f o r  broad appl icat iop t o  a l l  hardware. Its use f o r  heat  sens i t ive  

items i s  warranted as an adjunct t o  MAST and s t e d l e  inser t ion .  

B. 

Concept : &close and seal the  spacecraft  assemblieslsubsystems 

in sealed containers a t  the  time of the  FA he& s t e r i l i z a t i o n  

treatment, Under these conditions the  i n t e r n a l l y  contained u n i t s  

w i l l  be sterile, i n t e rna l  b io t a  w i l l  be k i l led ,  and only surface 

contamination (on the ex ter ior  of t he  sealed containers)  remains 

t o  be s t e r i l i z e d  in t he  terminal steri l ization process. 

surface s t e r i l i z a t i o n  treatment would el iminate  the terminal dry 

heat  s t e r i l i z a t i o n  a 

Discusslon: 

Use of a 

Application of t h i s  concept requires  an acceptable 

surface s t e r i l a n t  t o  be used during each mating operation ( t o  pre- 

vent occ luded biological  contaminat ion ) and far the  f i n a l  terminal 

surface s t e r i l i z a t i o n .  

major engineering problems although t h e i r  use w i l l  have a small 

impact on t h e  assembly and t e s t i n g  operations. 

Development of t he  con%ainers poses no 

A B W B E - D - x &  0OB;PPcD 

D E N V E R  D I V I S I O N  



v-3 

Additional weight i s  introduced by the packaging. This small 

weight d i f f e r e n t i a l  may be a reasonable penalty from the  stand- 

point of t h e  improved l o g i s t i c s  and ease of "black box" replacement. 

Concurrently, t he  sealed packaging prevents exposure of t h e  in t e rna l  

components t o  ethylene oxide. The concept was therefore  used in t he  

lvktrtin bkrietta Phase B study f o r  packaging of t h e  RCA tape 

recorder t o  eliminate the  known ET0 compatibil i ty problem, 

cant time and cost  savings and higher r e l i a b i l i t y  assurance are 

inherent i n  t h i s  concept by: 

S igni f i -  

1. Qualification f o r  ethylene oxide compatibil i ty can be 

reduced considerably - Since the  in t e rna l  components will not be 

exposed t o  ECO, qual i f ica t ion  t o  t h i s  environmen-k can be eliminated. 

Accordingly, ET0 qual i f ica t ion  can be l imited t o  the  packaging 

materials and such exposed hardware as the  l i q u i d  and s o l i d  

engines, s t ructure ,  etc e 

2. A l a rge r  se lec t ion  of space proven, heat  compatible 

r e l i a b l e  hardware w i l l  become ava i lab le  f o r  in te rp lane tary  mission 

appl icat ion - A t  t h e  present time, design selectLon is  l imited 

t o  r e l a t i v e l y  f e w  items with proven h i s to ry  of space usage and 

substant ia t ing data f o r  compatibil i ty with ET0 and heat. 

extensive pa r t s  program has primarily es tabl ish& a l i s t  of heat 

s t e r i l i z a b l e  pa r t s  but data of ET0 compatibil i ty i s  not avai lable  

f o r  many of these items. 

e lec t ronic  pa r t s  es tab l i sh  compatibil i ty with t h e  dry heat  

The JPL 

normil burn-in requirements for many 



s t e r i l i z a t i o n  environment but these parts cannot be used because 

of t h e i r  unknown cha rac t e r i s t i c s  with ETO. 

were required, t he  select ion spectra could be expanded t o  include 

burned-in, space proven parts from A i r  Force, &%SA and other  long 

l i ved  earth o r b i t  missions as well as JPL interplanetary programs. 

If we consider t h i s  packaging concept under terminal beat 

s t e r i l i y a t i o n  conditions, a small improvement is obtained. Since 

the  i n t e r n a l  hardware i s  steri le,  contamination i s  l imi ted  t o  the  

ex terna l  surfaces of t he  boxes. Dwell time d&ing the  terminal 

If BO ET0 exposure 

* 

heat  s t e r i l i z a t i o n  i s  therefore  measured a t  the ex ter ior  surface 

of t he  box since it i s  the  innermost contaminated point,  This 

difference i n  measurement locat ion w i l l  y i e ld  a s l i g h t l y  shorter  

t e r m i n a l  treatment. Mote, however, t h a t  the  box i s  not insulated,  

The in t e rna l  pa r t s  a re  therefore  heated and the probabi l i ty  of 

failure d u r h g  terminal heat s t e r i l i z a t i o n  i s  not improved 

appreciably, Although these advantages are appreciable, t h i s  

packaging concept does not eliminate the  bas ic  problems posed i n  

t h i s  study, If a NASA approved surface s t e r i l a a t  were available,  

t h i s  approach w a i L d  be very a t t r ac t ive .  

Conclusion: This approach cannot be used ta eliminate terminal 

heat s t e r i l i z a t i o n  u n t i l  a surface s t e r i l a n t  i s  avai lable .  
..- * Assumes s t e r i l i z a t i o n  of connectors between boxes during the 

assembly operation t o  eliminate entrapped (occluded) biota .  
This addi t iona l  processing i s  deemed t o  add Begligible cost  
and time t o  t h e  t o t a l  program do l l a r s  and schedule. 



Revertheless, it warrants ser ious consideration as a packaging 

approach fo r  s t e r i l i z a b l e  interplanetary spacecraf t  because of 

the po ten t i a l  significant savings in cost  and schedule coupled 

wi th  higher r e l i a b i l i t y  assurance and design f l e x i b i l i t y ,  

C. Reevaluate Requirements 

: The s t e r i l i z a t i o n  requirement i s  based on a proba- 

b i l i t y  study of poten t ia l  contamination of the plant .  

t i o n  of these probabi l i ty  values t o  show t h a t  the basic  COSPAR 

Reevalua- 

requirements caa be met with a contaminated vehikle a t  launch 

would eliminate the  need f o r  terminal heat  s t e r u i z a t i o n .  

Discussion: An honest reappraisal  is  always valuable par- 

t i c u l a r l y  where experimental data  (e.g., p robabl l i ty  estimates of 

b io t a  surv iva l  under space fl ight conditions; surv iva l  and release 

probabi l i ty  estimates of in t e rna l  b io t a  contamination, e t c  ) 

warrants such action, However, an ana lys i s  wi th !  a predetermined 

conclusion lacks i n t e g r i t y  and will not s tand up under scrutiny. 

We cannot condone evasion of the requirements by  a numbers game. 

Present HASA requirements f o r  Mars are ten taa ive ly  being 

applied t o  Venus. Considering the  d i f f e ren t  comalitions on these 

p lane ts ,  a planetary quarantine ana lys i s  is warranted t o  e s t ab l i sh  

a set of requirements f o r  Venus. 

Conclusion: This approach may eventually o w w  when experi- 

mental data is  available f o r  su i tab le  probabili%y estimates i n  
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the planetary quarantine e tpa t ions  t o  show a contaminated space- 

craft can be launched w i t h - h  the COSPAR cons t ra in ts .  

t h i s  depth of data is  lacking and w e  must accept conservative 

ra t iona le .  

missions 

At present, 

A separate  set  of requirements i s  needed f o r  Venus 
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VI CONCLUSIONS ApaD RECO-ATIONS 

- -- A. C o n c l u s i z  
- 

- Added resources with t h e  present cons t ra in ts  f a i l  t o  y i e ld  

- su f f i c i en t  reduction i n  program r i s k  t o  warrant the cost  increment 

- of addi t iona l  spares or added qua l i f i ca t ion  cycles.  

'constraints  s imi la r ly  r u l e  out s te r i le  assembly and s t e r i l i z a t i o n  

Cost and t i m e  

a t  t h e  fac tory  s i te .  

- Only marginal improvements are .obtained from shor te r  time 

exposures i n  t h e  recycle through terminal s t e r i l i z a t i o n .  This 

fact negates the value of the alterna-bives of integrated cycles 

and decreased terminal s t e r i l i z a t i o n  during recycle, 

b io logica l ly  secure assemblies are undesirable because of the  

associated penal t ies  on payload weight, volume and mission r e l i a -  

Insulated 
- 

- 

- 
b i l i t y ,  non-insulated b io logica l ly  secure assemblies do not  

a l l e v i a t e  t h e  basic problems bu t  are extremely a t t r a c t i v e  from 

other  program considerations,  This approach would warrant 

- - spec ia l  a t t en t ion  i f  a surface s t e r i l a n t  were available. 

- 

I t o  eliminate the  reqwirernent i s  unacceptable under any circum- 

stances. 

Reevaluation of t he  planetary quarantine equation with a bias 

An object ive study coupled with a reasonable ra t iona le  

and experimental data is  needed t o  e s t ab l i sh  requirements for 

Venus e 

Signif icant  merits are avai lable  from t h e  combination of 

MAST and s ter i le  inser t ion.  These complementary approaches can 
- 
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provide t h e  needed reduction i n  program r i s k  ff acceptable bio- 

logical secu r i ty  can be demonstrated. 

B. Recommendations 

1, & r t i n  Mwietta should encourage continued NASA sponsor- 

sh ip  of programs on MAST and s t e r i l e  i n se r t ion  so t h a t  these 

needed techniques w i l l  be ava i lab le  Tor interplanetary unmanned 

missions. 

2. Jhvest igat ions should be i n s t i t u t e d  t o  develop a surface 

s t e r i l a n t  acceptable t o  MASA. These e f f o r t s  sbould inclue experi-  

ments t o  e s t ab l i sh  conditions for  ET0 applicatfon which w i l l  per- 

m i t  i t s  r ec l a s s i f i ca t ion  from a decontaminant t o  a surface steri- 

l a n t  . * 
3. A study should be undertaken on t h e  non-insulated packaging 

concept. This study should develop more deta i led  cost, t l m e ,  

r e l i a b i l i t y ,  design f l e x i b i l i t y  evaluat ions than t h e  cursory 

coverage i n  t h i s  report .  

thoughts i n  t h i s  report ,  MASA should el iminate  the requirement 

for ET0 qua l i f i ca t ion  on non-exposed par ts ,  mater ia ls  and com- 

ponent s . 

If the  study confirms t h e  preliminary 

* This wri ter  feels t h a t  ET0 i s  not needed for  in te rp lane tary  
programs i n  i t s  present c l a s s i f i c a t i o n  as a decontaminant. 
Short heat exposure w i l l  accomplish the  same e f fec t .  If it 
cannot be r e c l a s s i f i e d  as a surface s t e r i l a n t ,  X would favor 
i t s  delet ion.  

D E N V E R  O l V l S I O N  
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4, Continuing object ive reevaluations of t h e  planetary quarantine 

equation should be conducted t o  update NASA requirements as addi t iona l  

da ta  becomes avai lable .  These analyses should treat Venus and Mars 

separately.  Experimental invest igat ions of spec i f i c  probabi l i ty  

terms i s  warranted t o  provide the  data t o  subs tan t ia te  or  change 

the ra t iona le  used i n  es tab l i sh ing  the  NASA requirements. 
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